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positive NaX. During ion exchange, Na+ detaches from the sediments to replace Ca2+ in 

solution. On the other hand, Ca2+ is removed to fill in the void Na+ spaces on the rock surface 

(Li et al, 2010). Conversely, the transfer of moles during March 2018 and July 2018 indicated 

the occurrence of cation exchange instead. This was indicated by a positive value of CaX2 

with a negative value of NaX along the same flow path. The occurrence of cation exchange at 

the same area during these two periods was as a result of high recharge such that sodium ions 

were flushed out of the system as they were replaced by calcium. 

Table 17: Inverse modelling (modelling-approach) results showing mole transfer 

between two boreholes 

Months: Jul-17 Oct-17 Mar-18 Jul-18

Sampling season Wet Dry Dry Wet

Water composition Na-Cl water Na-Cl water Na-Cl water Na-Cl water

TDS (mg/l) between inflow and outflow point 503.1-391.95 19.5-196.3 46.28-23.53 17.446-125.385

Phase mole transfare 

Elevation (mamsl)

Halite 2.19E-02 2.09E-02 8.17E-03 1.85E-02

Gypsum 2.60E-03 4.20E-04 - -1.99E-05

Kaolinite 5.18E-03 4.53E+01 - -

Ca-Montmorillon -4.61E-03 -3.89E+01 -5.79E+01 -1.53E-04

Calcite 6.72E-04 6.41E+00 -5.78E+01 -

Chalcedony 5.38E-03 5.21E+01 - -5.09E-04

Biotite 4.01E-04 4.33E-04 2.40E-05 3.57E-04

Plagioclase - - 9.66E+00 -

Quartz - - -1.78E+02 -

Albite - - 1.22E+02 -

CaX2 -2.19E-03 -3.85E-04 6.38E+01 1.45E-03

NaX 4.37E-03 7.70E-04 -1.28E+02 -2.89E-03

Uncertainity (%) 5 5 1.5 1.5

Table 17: Inverse modelling (mass-balance approach) results showing mole transfer between two boreholes

BH 9 to BH 8

143-22 m

 

Table 18 indicates the mass-balance modelling results that were generated for flow path from 

the BH 8 to BH 6. Model simulations were obtained for the periods July 2017, October 2017, 

March 2018, and July 2018. Uncertainty values of 5% and 1.5% were used to conduct the 

simulation. The sample for all the sampling periods indicated a Na-Cl water composition as 

displayed in the Piper diagrams (Figures 16-19).  The results indicated by these simulations 

showed that for July 2017, there was dissolution of halite, kaolinite, biotite, and quartz, 

though there was also precipitation of Ca-montmorillonite and sylvite. In October 2017, there 

was precipitation of halite, kaolinite, and biotite however there was dissolution of gypsum and 

plagioclase. In March 2018, there was dissolution halite, biotite, plagioclase, and albite but 

there was also precipitation of Ca-montmorillonite, calcite, and quartz. In October 2017, there 

was dissolution of halite, gypsum, chalcedony, and plagioclase, however there was 

precipitation of biotite.  

The results indicated that ion exchange along this flow path was occurring. The occurrence of 

ion exchange was indicated by a negative CaX2 value with a positive NaX for October 2017 
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and July 2018. During ion exchange, Na+ detached from the sediments to replace Ca2+ in 

solution. On the other hand, Ca2+ was removed to fill in the void Na+ spaces on the rock 

surface (Li et al., 2010). Conversely, the transfer of moles during March 2018 indicated the 

occurrence of reverse ion exchange instead. This was indicated by a positive value of CaX2 

with a negative value of NaX along the same flow path. The occurrence of cation exchange at 

the same area during these two periods was as a result of high recharge such that sodium ions 

were flushed out of the system as they were replaced by calcium. 

Table 18: Inverse modelling (modelling-approach) results showing mole transfer 

between two boreholes 

Months: Jul-17 Oct-17 Mar-18 Jul-18

Sampling season Wet Dry Dry Wet

Water composition Na-Cl water Na-Cl water Na-Cl water Na-Cl water

TDS (mg/l) between inflow and outflow point 391.95-1826.5 196.3-207.35 23.53-834.6 125.385-407.03

Phase mole transfare 

Elevation (mamsl)

Halite 5.90E-03 -5.63E-03 8.17E-03 2.66E-02

Gypsum - 3.63E-04 - 1.13E-03

Kaolinite 7.86E-03 -1.81E-04 - -

Ca-Montmorillon -6.78E-03 - -5.79E+01 -

Calcite - - -5.78E+01 -

Chalcedony - - - 5.61E-04

Biotite 7.04E-05 -2.97E-04 2.40E-05 -5.11E-04

Plagioclase - 4.77E-04 9.66E+00 3.70E-04

Quartz 8.94E-03 - -1.78E+02 -

Albite - - 1.22E+02 -

CaX2 - -3.14E-04 6.38E+01 -1.43E-03

NaX - 6.27E-04 -1.28E+02 2.85E-03

Sylvite -1.00E-04 - - -

Uncertainity (%) 5 5 1.5 5

Table 18: Inverse modelling (mass-balance approach) results showing mole transfer between two boreholes

BH 8 to BH 6

23-22 m

 

Table 19 indicates the mass-balance modelling results that were generated for flow path from 

the BH 6 to BH 1. Model simulations were obtained for the periods July 2017, October 2017, 

March 2018, and July 2018.  Uncertainty values of 5% and 1.5% were used to conduct the 

simulation. The sample for all the sampling periods indicated a Na-Cl water composition as 

displayed in the Piper diagrams (Figures 16-19).  The results indicated by these simulations 

showed that for July 2017, there was only dissolution of plagioclase, though there was 

precipitation of kaolinite and biotite. In October 2017, there was precipitation of Ca-

montmorillonite, calcite, and chalcedony, however, there was dissolution of halite, gypsum, 

and biotite. In March 2018, there was dissolution halite, biotite, plagioclase, and albite but 

there was also precipitation of Ca-montmorillonite, calcite, and quartz. In October 2017, there 

was dissolution of halite and biotite, however there was precipitation of gypsum, Ca-

montmorillonite, and chalcedony.  
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The results indicated that ion exchange along this flow path was occurring. The occurrence of 

ion exchange was indicated by a negative CaX2 value with a positive NaX for October 2017. 

During ion exchange, Na+ detached from the sediments to replace Ca2+ in solution. On the 

other hand, Ca2+ was removed to fill in the void Na+ spaces on the rock surface (Li et al., 

2010). Conversely, the transfer of moles during July 2017, March 2018 and July 2018 

indicated the occurrence of cation exchange instead. This was indicated by a positive value of 

CaX2 with a negative value of NaX along the same flow path. The occurrence of cation 

exchange at the same area during these two periods was as a result of high recharge such that 

sodium ions were flushed out of the system as they were replaced by calcium. 

Table 19: Inverse modelling (modelling-approach) results showing mole transfer 

between two boreholes 

Months: Jul-17 Oct-17 Mar-18 Jul-18

Sampling season Wet Dry Dry Wet

Water composition Na-Cl water Na-Cl water Na-Cl water Na-Cl water

TDS (mg/l) between inflow and outflow point 1826-8034 207.35-664.95834.6-3952 407.03-1354.73

Phase mole transfare 

Elevation (mamsl)

Halite - 1.18E-02 8.17E-03 1.85E-02

Gypsum - 2.76E-03 - -1.99E-05

Kaolinite -1.23E-04 - -

Ca-Montmorillon - -1.77E-04 -5.79E+01 -1.53E-04

Calcite - -6.10E-04 -5.78E+01 -

Chalcedony - -5.89E-04 - -5.09E-04

Biotite -2.03E-04 4.13E-04 2.40E-05 3.57E-04

Plagioclase 3.26E-04 - 9.66E+00 -

Quartz - - -1.78E+02 -

Albite - - 1.22E+02 -

CaX2 9.61E-04 -1.74E-03 6.38E+01 1.45E-03

NaX -1.92E-03 3.48E-03 -1.28E+02 -2.89E-03

Uncertainity (%) 5 5 1.5 1.5

BH 6 to BH 1

23 - 18 m

Table 19: Inverse modelling (mass-balance approach) results showing mole transfer between two boreholes

 

Table 20 indicates the mass-balance modelling results that were generated for flow path from 

the F5 to BH 4. Model simulations were obtained for the periods July 2017, October 2017, 

March 2018, and July 2018.  Uncertainty values of 2.5%, 5% and 1.5% were used to conduct 

the simulation. The sample for all the sampling periods indicated a Na-Cl water composition 

as displayed in the Piper diagrams (Figures 16-19).  The results indicated by these simulations 

showed that for July 2017, there was only dissolution of gypsum and calcite, though there was 

no precipitation taking place. In October 2017, there was no precipitation taking place, 

however, there was dissolution of gypsum and calcite. In March 2018, there was dissolution 

halite and calcite but there was no precipitation taking place. In October 2017, there was 

dissolution of halite, gypsum, and calcite, however there was no precipitation taking place. 

The results indicated that ion exchange along this flow path was occurring. The occurrence of 

ion exchange was indicated by a negative CaX2 value with a positive NaX for July 2017, 
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October 2017, and July 2018. During ion exchange, Na+ detached from the sediments to 

replace Ca2+ in solution. On the other hand, Ca2+ was removed to fill in the void Na+ spaces on 

the rock surface (Li et al., 2010). Conversely, the transfer of moles during March 2018 

indicated the occurrence of cation exchange instead. This was indicated by a positive value of 

CaX2 with a negative value of NaX along the same flow path. The occurrence of cation 

exchange at the same area during these two periods was as a result of high recharge such that 

sodium ions were flushed out of the system as they were replaced by calcium. 

Table 20: Inverse modelling (modelling-approach) results showing mole transfer 

between two boreholes 

Months: Jul-17 Oct-17 Mar-18 Jul-18

Sampling season Wet Dry Dry Wet

Water composition Na-Cl water Na-Cl water Na-Cl water Na-Cl water

TDS (mg/l) between inflow and outflow point 7319-2450.5 1781-664.5 1943.5-3952 1641.9-1354.73

Phase mole transfare 

Elevation (mamsl)

Halite - 9.02E-02 1.94E-01

Gypsum 6.65E-03 4.06E-03 - 5.38E-03

Calcite 7.10E-04 9.72E-04 1.27E-03 1.16E-03

CaX2 -2.65E-03 -1.87E-03 2.22E-03 -1.73E-04

NaX 5.31E-03 3.74E-03 -4.44E-03 3.46E-04

Uncertainity (%) 2.5 5 1.5 1.5

F5 to BH 4

218-25 m

Table 20: Inverse modelling (mass-balance approach) results showing mole transfer between two boreholes

 

 

4.5 Hydrogeochemical conceptual model development 
This section integrates different hydrogeological data to develop a hydrogeochemical 

conceptual model for the study area. Geology, hydrogeology, recharge/discharge, 

groundwater flow and hydrology data are used to construct the conceptual model while 

chemistry data was used to improve and verify the conceptual understanding of the model 

(Kpegli et al., 2018). The conceptual model provides information on how groundwater flows 

within the aquifer system. A discussion of how the different hydrogeologic settings influence 

hydrogeochemical processes in the study area also ensues. Developing an accurate conceptual 

model is an essential step in the process of a groundwater modelling (Izady et al., 2014).  

 

The lithological logs show that the boreholes (BH 9, BH 11 and BH 13) located upstream are 

all drilled into the sandstone formation. The boreholes that are drilled in the upper part of the 

Catchment are drilled in a more mountainous part of the Catchment compared to the lower 

part of the Catchment.  Whereas all the boreholes (BH 4 and BH 6) that are located 

downstream of the Catchment are drilled primarily into shale and clay except for borehole 3 

which is largely drilled into a sand formation. The lithological formation that this drilled into 

is not surprising given its proximity to the coast and that the area is dominated by sand dunes.  
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Figure 20: Lithological logs for deep groundwater boreholes in Heuningnes Catchment 

The marine clay in the lower part of the study area tends to impede flow (Montcoudiol, 2015), 

this together with gentle slope of the area can attributed to the high salinity levels. Flow in the 

lower parts maybe slow as result of the above-mentioned factors, leading to increased contact 

time with host geology.The argument by Montcoudiol (2015) support the results that were 

found in the current study area, where the low lying areas with clay in the host geology 

exhibit high salinity levels compared to those that were recorded in the upper areas of the 

study area. 

 

The cross-sectional (not drawn to scale) conceptual model (figure 21) for the lower part of the 

Catchment shows the general flow direction of the groundwater, the lithologies it flows in and 

the faults in the area.   

The groundwater flows from point c to d which is from the middle part of the Catchment 

towards the coast. The water table in this area is generally close to the surface and during the 

wet season, this area is usually waterlogged (Mazvimavi, 2018). The boreholes that are in the 

area mostly drilled into the Bokkeveld series (shale and sandy shale formation). The elevated 

salinity levels can be attributed to the weathering of the shale formation (Tahoora et al., 

2014).  
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Figure 21: Cross-sectional conceptual model for the Heuningnes Catchment  

Figure 22 below shows the major formations in which the aquifer(s) in the study are found in. 

 

 

Figure 22: A 3D conceptual model for the Heuningnes Catchment 
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The boreholes that are drilled in the high altitudes are characterized by low salinity levels but 

towards the low altitudes in the middle reaches towards the coast salinity begins to rise (0.71 

mS/cm, 3.02 mS/cm, and 6.8 mS/cm) as shown in the figure 22. As reported by Mazvimavi 

(2017), the hydrogeology of the area is influenced by the changes in geology resulting in the 

main flow not being across the geological boundaries but along the faults. The elevated levels 

of salinity were expected in the study area and were possibly derived from weathering of the 

geologic material (rock-water interaction) and/or salinization processes (Tahoora et al., 2014) 

and given that the shale geology and the calcified dune sands which formed under marine 

environments (Mazvimavi, 2017).  

Implication of hydrogeochemical studies in coastal environments 
The results from this study can be used as a base line study for future research in coastal 

environments. In this way the results will shed light on the likely or possible processes that 

can be expected in coastal aquifers in turn contributing to the knowledge of these systems. 

The results can be used by water resources managers, when planning protection and 

management strategies of coastal aquifer systems. 
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Chapter 5: Conclusion and Recommendations 

5.1 Introduction 
This study focused on investigating the hydrogeochemical processes of groundwater within 

the Heuningnes Catchment by, firstly determining the hydrogeochemical processes using 

different techniques. The second part was to simulate the hydrogeochemical processes based 

on the spatiotemporal variation of the parameters using a modelling technique. The last part 

was to evaluate the existing conceptual models of hydrogeochemical processes through 

literature review. 

5.2 Investigation of the dominant hydrogeochemical process in groundwater  
The first objective was to determine hydrogeochemical processes. Water type within the 

Catchment was characterised as belonging to the Na-Cl water type, during all 4 sampling 

campaigns. The results generated from the Piper diagrams confirm the dominance of sodium 

and chloride ions in waters of the Heuningnes Catchment. Despite having different 

concentrations, the same ions were dominant in the whole Catchment.  Groundwater of a 

Na/Cl type is typical for a Costal aquifer characterised by saline, deep ancient groundwater. 

No differences in major ion dominance in groundwater could be established during the 

duration of the study. Based on the results from Gibbs plots, it was concluded that the 

dominant processes in July 2017 were evaporation and water-rock interaction, during October 

2017, March 2018 and July 2018, the dominant processes were water-rock interaction, 

evaporation and precipitation, respectively. It was concluded based on bivariate correlation 

and stoichiometric analysis that cation exchange, adsorption, and evaporation, weathering of 

carbonates, sulphates and silicate minerals are processes influencing the chemistry of 

groundwater in the Heuningnes Catchment. Therefore, the first objective of the study focusing 

on determining hydrogeochemical processes was achieved and the research question was 

answered with valid reliable data sets.   

5.3 Modelling approaches for hydrogeochemical processes and source of 

groundwater parameters 
The process of ion exchange and reverse ion exchange happened at low elevations at the same 

flow path, although during different periods, and this was related to high recharge in summer. 

Silicate weathering was experienced at high elevations along the flow path. The major silicate 

weathering that took place was either releasing montmorillonite or kaolinite. Carbonate and 

gypsum dissolutions were also experienced at some areas along the flow paths. Meanwhile, 

dissolution of other minerals such as sylvite and halite were also experienced at random areas 

along the flow path. The mass-balance modelling results indicated that if more minerals were 

precipitated from solution, the resulting solution would have a TDS concentration smaller 
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than that of the initial solution. This was assumed to be happening in areas where Solution 1 

was mineralised or had a higher TDS than Solution 2. However, if more minerals were 

dissolved, the resultant solution becomes more mineralised and its TDS increased. Therefore, 

the second objective of the study focusing on simulating hydrogeochemical processes was 

achieved and the research question was answered with valid reliable data sets.   

5.4 Assessment of conceptual model for hydrogeochemical processes in 

groundwater 
The third objective was to evaluate the existing conceptual models of hydrogeochemical 

processes. This was done in order to develop a comprehensive hydrogeochemical conceptual 

model for the study area. The model was developed based on secondary data from records review 

and hydrochemical data. The conceptual model for the hydrogeochemical processes in the 

study area has been supported by the following evidence:  The study area has a shallow water 

table (less than 10 m) both in upstream and downstream areas. The Table Mountain Group 

(TMG) formation dominant in upstream areas has low salinity values this is as a result of the 

reduced time of interaction between the water and the host material. Generally, the Bokkeveld 

series in the study area is characterised by high salinity values due to the layer of shale. 

Deeper groundwater in the upstream parts of the study area indicates influence of direct 

recharge without significant evaporation while in the lower areas the dominant process points 

to evaporation processes. Low surface elevation (gradient) and poor hydraulic conductivity 

due to the clay layer in the downstream portion of the study area cause slow groundwater 

flows resulting in high salinization due to the increased residence time. Therefore, the third 

objective of the study focusing on the evaluation of existing hydrogeochemical conceptual 

models was achieved and the research question was answered with valid reliable data sets.   

 

Recommendations 
The following recommendations were made for future studies: 

Sampling should cover a larger area for further studies; thus, more boreholes should be 

sampled so that there would be no data shortage during the interpretation of results. This will 

also assist in determining any link on the hydraulic behaviour for different Catchments around 

the area.  

Sample collection may be done for at least four seasons of the year or more in order to make 

better comparisons of the data; also, to determine any variations in the hydrochemistry of the 

area.  
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Appendix 1 

Table 21(c): Major Ion concentration of groundwater March 2018 (meq/L) 

Site name Calcium Sodium Pottasium Magnisium Chloride Sulphate Bicarbonate

F1 0.25 3.87 0.05 0.99 4.42 0.37 0.30

F2

F3 0.15 2.30 0.03 0.58 2.79 0.25 0.26

F4

F5 0.35 2.26 0.03 0.41 2.62 0.06 0.16

BH1 4.14 105.13 0.66 16.45 132.48 19.53 5.21

BH2 25.45 2.00 2.25 41.14 506.60 52.36 6.26

BH3 5.19 1.30 0.51 9.05 112.84 17.40 7.64

BH4 7.29 87.39 0.13 12.34 103.30 11.22 2.69

BH5 5.89 123.26 0.15 13.99 123.30 18.15 2.46

BH6 1.50 22.83 0.05 2.39 22.06 1.12 2.69

BH7 4.49 43.78 0.13 10.70 65.92 7.37 2.23

BH8 0.90 14.91 0.08 1.15 15.84 0.40 5.25

BH9 0.30 1.83 0.03 0.49 2.54 0.21 0.95

BH10 0.65 2.22 0.05 0.58 2.82 0.35 0.98

BH11 0.25 2.52 0.03 0.49 3.10 0.40 0.36

BH12 1.60 5.30 0.08 1.07 5.26 0.69 1.70

BH13 0.20 2.96 0.41 0.82 3.47 0.31 1.21

BH14 0.35 2.91 0.15 0.90 3.15 0.23 1.02

PZ 2 4.34 135.13 0.41 12.34 175.52 7.62 6.00

PZ 7

PZ 8 11.18 304.78 0.36 32.91 335.00 29.50 2.92

PZ 13

PZ 14 18.36 366.30 0.69 45.25 481.80 49.03 3.05

PZ 16 4.14 139.57 0.59 18.92 151.96 18.34 5.21

PZ 19

PZ 26 27.69 501.48 0.36 45.25 622.10 42.16 3.87  
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Table 21d: Major Ion concentration of groundwater July 2018 (meq/L) 

Site name Calcium Sodium PottasiumMagnisium Chloride Sulphate Bicarbonate

F1 0.20 4.61 0.05 0.90 4.25 0.35 0.30

F2 0.20 3.91 0.05 0.82 3.73 0.29 0.59

F3 0.05 1.61 0.03 0.33 1.68 0.15 0.20

F4

F5 0.10 2.09 0.05 0.41 2.70 0.02 0.30

BH1 9.98 336.96 1.53 33.73 391.20 19.07 4.43

BH2 34.58 608.70 2.33 41.96 748.10 44.95 5.57

BH3 13.47 244.57 1.38 23.86 260.10 15.74 7.21

BH4 12.67 211.96 0.20 22.21 193.76 10.64 2.59

BH5 12.82 266.30 0.28 28.79 222.60 17.34 2.26

BH6 2.89 347.83 0.10 6.17 46.75 2.41 2.39

BH7 9.03 157.61 0.23 23.04 136.64 9.22 2.07

BH8 3.24 17.04 0.10 2.71 20.80 0.19 5.64

BH9 0.45 1.83 0.05 0.58 2.30 0.23 0.98

BH10 0.50 3.70 0.10 0.99 3.40 0.60 0.46

BH11 0.25 5.30 0.03 1.07 5.62 0.60 0.36

BH12 1.10 6.57 0.08 1.23 3.14 0.67 1.02

BH13 0.20 3.39 0.05 0.82 3.15 0.27 0.26

BH14 0.25 3.35 0.05 0.90 3.30 0.21 0.39

PZ 2 13.32 353.26 1.23 35.38 432.40 10.06 4.66

PZ 7

PZ 8 22.75 597.83 0.49 43.60 587.60 28.62 1.97

PZ 13

PZ 14 32.88 706.52 0.61 46.89 928.50 45.82 3.08

PZ 16 11.93 375.00 1.07 37.02 484.50 20.30 4.75

PZ 19

PZ 26 37.52 690.22 0.13 47.72 714.60 42.91 2.43  
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Appendix 2 

Table 22(a): Stoichiometric analysis results for groundwater, July 2017 

Site name Na/Cl Ca/HCO3 Ca/Ca+SO4 Na/Na+Cl (Ca+Mg)/(HCO3+SO4)

F1 0.81 1.31 0.92 0.45 3.31

F2 0.88 0.03 0.96 0.47 43.54

F4 0.88 1.97 0.29 0.47 1.51

F5 0.78 1.31 0.40 0.44 1.32

BH1 1.04 0.89 0.99 0.51 5.22

BH3 0.93 0.42 0.61 0.48 2.60

BH4 0.93 0.17 0.41 0.48 1.45

BH5 0.98 0.88 0.34 0.49 1.72

BH6 1.57 3.31 0.11 0.61 0.34

BH7 1.14 1.22 0.74 0.53 3.56

BH8 1.39 3.46 0.14 0.58 0.44

BH10 0.80 0.43 0.57 0.44 1.80

BH11 1.24 2.35 0.39 0.55 1.10

BH12 1.21 0.74 0.72 0.55 1.46

BH14 0.76 1.71 0.44 0.43 1.45

PZ 7 0.75 0.19 0.40 0.43 1.63

PZ 14 1.01 0.46 0.36 0.50 2.44

PZ 19 0.94 1.26 0.86 0.49 1.21  

Table 22b: Stoichiometric analysis results for groundwater, October 2017 

Site name Na/Cl Ca/HCO3 Ca/Ca+SO4 Na/Na+Cl (Ca+Mg)/(HCO3+SO4)

F1 0.79 1.27 0.39 0.44 2.09

F2 0.96 1.90 0.36 0.49 2.32

F3 0.83 1.52 0.40 0.45 2.22

F5 0.79 0.46 0.88 0.44 1.61

BH1 0.86 0.51 0.21 0.46 0.75

BH6 0.71 0.55 0.43 0.41 1.36

BH7 0.76 0.75 0.27 0.43 1.33

BH8 0.88 0.18 0.43 0.47 0.74

BH9 0.74 0.83 0.57 0.43 1.48

BH10 0.86 3.55 0.60 0.46 2.07

BH12 0.88 0.65 0.56 0.47 0.93

BH13 0.74 0.61 0.39 0.43 1.47

BH14 0.89 0.91 0.52 0.47 1.58

PZ 2 0.73 1.71 0.47 0.42 2.22

PZ 7
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Table 22c: Stoichiometric analysis results for groundwater, March 2018 

Site name Na/Cl Ca/HCO3 Ca/Ca+SO4 Na/Na+Cl (Ca+Mg)/(HCO3+SO4)

F1 0.88 0.85 0.40 0.47 1.85

F3 0.83 0.57 0.37 0.45 1.42

F5 0.86 2.13 0.85 0.46 3.36

BH1 0.79 0.79 0.17 0.44 0.83

BH4 0.85 2.71 0.39 0.46 1.41

BH5 1.00 2.39 0.24 0.50 0.96

BH6 1.03 0.56 0.57 0.51 1.02

BH7 0.66 2.01 0.38 0.40 1.58

BH8 0.94 0.17 0.69 0.48 0.36

BH10 0.79 0.66 0.65 0.44 0.92

BH11 0.81 0.69 0.39 0.45 0.98

BH12 1.01 0.94 0.70 0.50 1.11

BH13 0.85 0.16 0.39 0.46 0.67

BH14 0.93 0.34 0.60 0.48 1.01

PZ 2 0.77 0.72 0.36 0.43 1.22

PZ 8 0.91 3.83 0.27 0.48 1.36

PZ 14 0.76 6.02 0.27 0.43 1.22

PZ 16 0.92 0.79 0.18 0.48 0.98

PZ 26 0.81 7.16 0.40 0.45 1.58  

Table 22d: Stoichiometric analysis results for groundwater, July 2018 

Site name Na/Cl Ca/HCO3 Ca/Ca+SO4 Na/Na+Cl (Ca+Mg)/(HCO3+SO4)

F1 1.08 0.68 0.36 0.52 1.70

F2 1.05 0.34 0.41 0.51 1.16

F3 0.96 0.25 0.26 0.49 1.11

F5 0.77 0.34 0.83 0.44 1.62

BH1 0.86 2.25 0.34 0.46 1.86

BH2 0.81 6.20 0.43 0.45 1.52

BH3 0.94 1.87 0.46 0.48 1.63

BH4 1.09 4.89 0.54 0.52 2.64

BH5 1.20 5.67 0.43 0.54 2.12

BH7 1.15 4.37 0.49 0.54 2.84

BH8 0.82 0.58 0.95 0.45 1.02

BH9 0.80 0.46 0.66 0.44 0.85

BH10 1.09 1.09 0.45 0.52 1.40

BH11 0.94 0.69 0.29 0.49 1.37

BH13 1.08 0.76 0.42 0.52 1.92

BH14 1.02 0.63 0.55 0.50 1.92

PZ 2 0.82 2.86 0.57 0.45 3.31

PZ 8 1.02 11.57 0.44 0.50 2.17

PZ 14 0.76 10.67 0.42 0.43 1.63

PZ 16 0.77 2.51 0.37 0.44 1.95

PZ 26 0.97 15.47 0.47 0.49 1.88  
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